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ASCAC Organization Plan

Director
•Deputy, Programs
•Deputy,RASC*
•Deputy, ISAT**
•Senior Technologist

SAB
Aero systems

VAB
Launch/planetary 

systems

SSB
Orbital systems

MDOB
Mult-disciplinary
optim. methods

CAST
Advanced  

Computing  methods

AAB
Survivable systems

* Revolutionary Aerospace Systems Concepts
** Inter-center Systems Analysis Team

Being closed with HPCCP cancellation



Nature of Systems Analysis Work
• Early conceptual design to preliminary design

– Limited technology maturity and subsystem detail

• Approach
– Technology “pull” , or capability “pull”, derived from analysis of 

mission needs - technology gaps
• Examples; exploration goals, integrated aerospace transportation

system, supersonic cruise without emissions/boom, etc.
– Technology “push” derived from exploring impacts and new 

capabilities afforded by new, breakthrough technologies
• Examples:  Molecular Nanotechnology, smart materials

• Scope
– Feasibility 
– Program assessments against goals
– Technology evaluations
– Maintain proper tools and methods



SSTO Systems Analysis Results

Results:  Total gross weight is reduced by over 50% relative to the best 
available composite material under development.  

Results for Nanotube-Reinforced Polymer (CNTFRP) and Nanotube-Reinforced Aluminum 
(CNT/Al) Composites compared to an advanced carbon fiber reinforced polymer (IM7 CFRP)

composite 

7

0

50

100

150

200

250

300

Dry 
Weight, 

klb

Polymer composite 
reference

   Body, wing, 
propellant tanks 

application

Nanotubes in 
Polymer Matrix

Nanotubes in 
Aluminum Matrix

-60%
-68%



� Simple application of Carbon Nanotube materials cuts the
empty weight of the vehicle by 45% and design fuel required
by 25%

� Application of carbon nanotube materials to an electric fuel
cell BWB requires less than a factor of 2 improvement in
specific power for a feasible concept.

Potential Benefit of Nanotube Composites for the
BLENDED WING BODY, ADVANCED 

LONG-RANGE TRANSPORT CONCEPT



Aerospace Systems Concepts and 
Analysis

People - recognized expertise with Agency role for 
revolutionary aerospace concepts development and 
mission and systems analysis

Capability - analysis capability to perform vehicle 
concept, mission, and systems analysis for earth and 
planetary entry and flight

Planetary
Entry

Mars AirplaneSpace Launch 
Initiative

Air Transportation



ASCAC
Revolutionary Aerospace 
Systems Concepts

Intercenter Analysis Team

Exploration Planning

Enterprise Intercenter 
Systems Analysis Team

Marshall

Ames
LangleyDryden

Kennedy

Glenn

Code R Goals Assessment SLI Support

Program Objectives
∆L/D

∆All Weather
Operations

∆Aero Design
Time∆Weight

∆SFC

∆MTBF
∆Labor Hours

e y



Need a Balanced Systems Approach - Near and Far Term Needs
- improved...advanced.....revolutionary -

Time

Near Future Next Generation Future Generation

Improved Systems
• Efficiency, capac.
•Safety
•Environment

Transition Systems
• Leverage prior systems
• Move towards future

Integrated Aerospace 
Transportation System
• Global & Space 
transport
• Objectives:

•Commercial
• Science
• Exploration

Technology Push

Capability Pull

(Advanced Concepts)

(Revolutionary Concepts)

Improved 
System 
Performance



Orbital 

SLI

ORBITER EXPRESS

3RD GEN

QAT

21ST CENTURY WING
ISAT

PLANETARY RE-ENTRY

MARS AIRPLANE





Systems Analysis for Programs
(Top down; bottoms up)

Goals & Objectives

Vision Capabilities

Missions & Architectures
• Best SOA reference
• New concepts & 
technology needsTechnology Development Program

• Ground Research, T & E
• Flight systems Research, T & E
• Systems analysis for program

Bottoms up analysis to 
track & refine



Air Transportation Architecture Generations

Generation 1 - Today’s Hub and Spoke System

Generation 2 - Super Hub and Spoke with variations

Generation 3 - New paradigm - distributed
UAV

2009 Technology



ISAT Space Transportation Reference Vehicles

STS Upgrade Shuttle Derived Single Stage to Orbit

Two Stage to Orbit
(Bimese)

Crew Transfer
Vehicle

- Working to add on-orbit elements to these -



ISAT Space Transportation Reference 
Vehicles

Single Stage

Two Stage

- 3rd Gen RLV -

HC fueledHydrogen-fueled



Summary Remarks
• Our success is critically dependent on our systems analysis methods 

and analysis frameworks- aeronautics and space systems
• We need methods for conceptual design and technology trades on 

advanced concepts
– Versatile ( diverse configurations, technologies)
– Variable fidelity
– Fast & agile
– Accurate discipline coupling & consistent results
– Developed in partnership with users
– Give balanced(optimum) solutions for performance, cost, 

risk/safety
• How we are doing ?

– Quality, results, relevance,skill mix
– Do we have a critical mass
– How do we compare to others working this area



Advanced Systems Analysis/Optimization Methods

Objectives
• Improve fidelity and integration
• Balance performance, cost, safety/risk
• Use multidiscipline optimization framework
• Shorten analysis/optimization cycles

• Cooperative team formed recently developing improved analysis 
framework in support of 2nd Generation RLV Program 

Environment for Launch 
Vehicle Integration 
Synthesis(ELVIS)

ISE
HPCCP

2nd Gen RLV

ASCAC



Optimized Vehicle 
Design

Systems Analysis for Launch Vehicles

Multidisciplinary Design Optimization 
(MDO)

(IDEAS) 

(IDEAS) 

Safety/ReliabilityOperations Costs





MultiDisciplinary Optimization Branch

∂Cm
∂Xn

Ground
Scrap

Displacement

Loads 
Convergenc

Stress &
Bucklin

Performanc

Polar

Rigid Tri

Weight Nonlinear
Correction

Geometr

MD Integration
Geometry Models
Integration Tools

Design-Oriented Analysis
Approximations

Sensitivity Analysis

MD Optimization
Formulations 

Algorithms

High-Fidelity Applications
Aeronautics Space

Charter
Develop MDO methods to 

increase confidence and 
cut development time

Genetic Algorithm



Technical Models Cost & Operations Models Economic Model

System Weights
& Sizing
INTROS

System Weights
& Sizing
INTROS

Development & 
Unit Costs
NAFCOM

Development & 
Unit Costs
NAFCOM

Facilities & 
Operations Costs

NROC

Facilities & 
Operations Costs

NROC

$ / lb to Orbit
Business Case Closure

Business Model

$ / lb to Orbit
Business Case Closure

Business Model

Trajectory
POST

Trajectory
POST

Flight Rate

Facilities & Ops Cost

Vehicle Acquisition Costs
Weights

& Vehicle
Description

Vehicle Performance

Reliability / Safety
Risk Model

Reliability / Safety
Risk Model

Vehicle Losses

System Weights
& Sizing
CONSIZ

System Weights
& Sizing
CONSIZ

Trajectory
OPGUID

Trajectory
OPGUID

System Weights
& Sizing / Trajectory

HAVOC

System Weights
& Sizing / Trajectory

HAVOC

RSTS/AEE Integrated Analysis Tools

SLI & ISE assisting in improving 
analysis tools



Tools Used In Aviation Systems Analysis 

Aircraft Models
ACSYNT
FLOPS
NEPP
NPSS
Discipline 
models

Airport - Airspace 
Models

ASAC

TAAM

Other

Safety Models
ASAFE

BSAFERR

Decision Tools
@RISK

TIES

Crystal Ball

Cost Models
ALCCA

TCM

COSTRAN

O&S Cost
69%

Production Cost
25%

RDT&E Cost
6%

Need partnership with AvSTAR 
in improving our aviation airspace 
analysis tools


